The hydroxamate siderophore ferricrocin was identified in Cladosporium cladosporioides growth medium by solid phase extraction and ultra high pressure liquid chromatography coupled to a time of flight mass spectrometer (UHPLC/QTOF-MS). Both desferricrocin and ferricrocin were detected in the extracellular medium assisted by high resolution mass spectrometry. This is the first identification of a hydroxamate siderophore in Cladosporium cladosporioides. This finding emphasizes the common meaning of ferricrocin in fungi.
Cladosporium cladosporioides (Mycosphaerellaceae) is one of the most common indoor and outdoor molds. This fungus is easy to cultivate and is an environmentally relevant organism; it is a ubiquitous saprophyte living on organic residues in soils [1] . It can be pathogenic to various plants such as wheat [2] . While it is not known to be pathogenic to humans, it might cause allergic reactions [3] . C. cladosporioides produces a variety of metabolites including calphostins (protein kinase inhibitors) [4, 5] and siderophore-like, iron-chelating compounds, as described by Daghino [6] using the Chrome azurol S -assay method [7] . Interestingly, various metal biosorption properties were reported for C. cladosporioides e.g., gold from solutions [8] . This process is a low-cost and often lowtech option for either removal or recovery of base metals from aqueous wastes. However, the underlying chelating ligands produced and eventually released into the environment by the fungus are still poorly characterized, as well as their exact functions on metal acquisition and homeostasis. Therefore, this study aimed to decipher iron complexing ligands in the growth medium of C. cladosporioides.
Identification of siderophores in Cladosporium cladosporioides:
C. cladosporioides was cultured with various Fe concentrations in the growth medium. Upon solid phase extraction of compounds from the supernatant of the fungal culture, ligand production was surveyed for up-regulated compounds using ultra high pressure liquid chromatography time of flight mass spectrometry (UHPLC/Q-ToF-MS). Chromatographic peaks of potential siderophores were identified by comparisons of chromatograms of extracts from the supernatant of cultures with various iron concentrations. At this time it was not clear if these compounds could also complex iron. Therefore, the isotopic pattern of the pseudo-molecular ion of these potential Fe-complexes was investigated regarding the intensity of the 54 Fe isotope: The possible iron chelator containing 56 Fe has to be accompanied by the corresponding 54 Fe isotopic signal at -1.9953 m/z, with a maximum relative mass deviation of 5 ppm from the calculated mass of the 54 Fe signal in the same spectrum [9] . The relative intensity of the 54 Fe-containing ion species has to be about 5% compared with the peak originating from the 56 Fe-containing ion [9] . Finally, Using UHPLC/Q-ToF-MS all up-regulated peaks were manually verified and the mass/intensity differences between the 56 Fe and 54 Fe-isotopic signals were measured ( Figure 1B ). Among all of these peaks, two compounds were particularly interesting: 1 at R 1 =1.30 min and 2 at R 2 =1.38 min. Compound 2 showed an exact mass difference of -1.996, which is close to the theoretical value of -1.9953 and hence indicates an iron complex. Moreover, when ferric citrate was added to the culture medium ( Figure 1A desferricrocin [M+H] + and its sodium adduct at m/z 740. To prove peak purity, the pH of the eluent was adjusted with ammonium acetate to 7. Now, compound 1 eluted at R 1 = 1.43 min (m/z 716 [M-H] -) and the potential iron complex, compound 2, eluted at R 2 = 1.53 min (m/z 769 [M-3H+Fe-H] -). Finally, we confirmed the identity of the identified siderophore by co-injections with authentic standards of desferricrocin and extracts from the iron depleted C. cladosporioides culture medium.
To the best of our knowledge this is the first report of a hydroxamate siderophore found in growth medium of C. cladosporioides. Ferricrocin is a common siderophore of ascomycetous fungi, including Aspergillus fumigatus and Neurospora [11] . Interestingly, it is also known as an intracellular siderophore involved in iron storage in other saprophyte fungi of the genus Aspergillus [12] . Ferricrocin has also been identified in ectomycorrhizal fungi, such as Cenococcum geophilum [13] . Further research projects will now address the ecophysiological functions of ferricrocin on the acquisition of iron and other metals under competitive conditions in the presence of e.g., mycorrhizal fungi involved in association with higher plants.
Experimental
Materials: Reference standard of desferricrocin was purchased from EMC-Microcollection GmbH (Tübingen, Germany). All ingredients for the modified Melin-Nokrans medium (MNM) [14] were reagent grade and purchased from Sigma-Aldrich (Canada or Germany).
Bacterial strain and culture conditions: C. cladosporioides was cultured in triplicate in 250 mL Erlenmeyer flasks shaken at 130 rpm at 30°C in order to avoid possible iron storage by the fungal mycelium [13] . The MNM medium had the following composition in g / L: 0.066 CaC1 2 H 2 O; 0.025 NaCl; 0.5 KH 2 P0 4 ; 0.15 MgSO 4 7H 2 O; 25 × 10 -6 thiamine; 0.25 (NH 4 ) 2 HPO 4 ; 3.0 malt extract; 5.0 glucose. The pH of the culture medium was adjusted to 5.5. For identification of potential siderophores, the ferric citrate concentration was adapted accordingly in [mol / L]: 3 × 10 -5 , 1.5 × 10 -6 , 6 × 10 -7 and without Fe (lower than 6 × 10 -7 ). The potential siderophore was extracted from the supernatant (V = 150 mL) of cultures after 21 days of cultivation.
Extraction of siderophores from the culture medium:
The hydroxamate siderophore was extracted from the culture filtrates by solid-phase extraction using an HLB-cartridge [15] (Oasis HLB Plus, 225 mg sorbent per cartridge, 60 µm particle size, Waters, Milford, USA). Cartridges were preconditioned with 5 mL of MeOH, and equilibrated with 5 mL of distilled water. Cell-free growth media (150 mL) was loaded on the cartridge at 1 mL / min. Cartridges were rinsed with 5 mL of distilled water to remove the excess of salts. Then, the analytes were eluted with 10 mL of MeOH. Finally, the extracts were concentrated under a flow of N 2 to an approximate volume of 0.5 mL and subsequently analyzed by UHPLC/Q-ToF-MS [15] .
Identification of ferricrocin:
The siderophore extracts were separated on a reversed phase UHPLC column (Waters, BEH C18, 2.1 × 50 mm, 1.7 µm) with a binary gradient system at a flow rate of 0.6 mL / min and a gradient program published in [16] . The UHPLC eluents at pH 2.3 (positive mode) were the following: (A) distilled water + 0.1% formic acid and (B) acetonitrile + 0.1% formic acid (pH 2.3). For analysis at pH 7 (negative mode), the eluents were following: (A) distilled water + 1 mmol / L ammonium acetate and (B) 90% acetonitrile (v/v) + 1 mmol / L ammonium acetate [16] . Measurements were performed on an Acquity TM ultra performance LC (Waters, Milford, MA, USA) coupled to an ESI-Q-ToF mass spectrometer (Micromass, Manchester, UK). The software MassLynx version 4.1 was used for data acquisition.
